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A. FOREWORD

It is believed authorities in the field of physical testing that the 

dynamic characteristics of a material under impact conditions may be a func-» 

tion of the velocity of impact,, Some experimental work has been done in this 

field *,«hich in general confirms this opiniono However toe validity of the 

data is questionable because of either or both of the following factors;“ 

lo The particular design of the test apparatus used.

2o Mechanical or instrumental errors in the measurements of 

striking velocity and energy of tnipturoo 

In view of the dearth of knowledge on this subject, there exists a def

inite requirement for a researto tool of high precision and flexibility of 

operation which will be capable of exploring impact phenomenao A complete 

evaluation of this behavior may well require further e::psrlmsntal data than 

8imp3y the correlation of striking velocity with the total energy of rupture. 

Such further data may need to be concerned with one or more of the following 

items.

1. Geometry and elastanee of the striking surface.

2- The changing nature and magnitude of the striking force.

3. The varying amounts of the energy absorbed by the test specimen 

as a function of the specimen displacement. 

li~ The nature and magnitude of the deceleratioii of the striking 

member diaring the rupture cycle.

Thera currertly exists soms incompatibility of observed impact valTies 

among various users of standardised iii^jact testing appai^tus. This may be 

due to inaccui'ate calibration of tiia apparata or careless maintainance of
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the equipment,, or inherent lack of sufficient precision in the measurement 

of rupture energyo 

d.    OBJECTIVES OF THE CURRENT INVESTIGATION 

Prior to the execution of this contract, several conferences were held 

with technical representatives of the Mechanical Testing Section of Watertown 

Arsenal to discuss the problem of designing and building a high velocity lm~ 

pact testing deviceo    It was initially proposed to negotiate a Contract hav- 

ing this objective,. 

Subsequent study of this problem by the engineering staff of the Hesse- 

Eastern Corp. disclosed certain factors which indicated the desirability of 

changing the objective from that originally envisioned.    This was necessitated 

by the difficulty in arriving at a satisfactory scope of work for the contract- 

ual needs, together with the extreme difficulty of estimating at all realistic- 

ally the costs of a program in which it was apparent that a considerable nuta- 

ber of intangible factors were involved and where their relative magnitude 

could not be estimated short of actuall' performing the required research upon 

them,,    There was,, furtherraor8s no clear-cut indication that the final object- 

ive of a prototype operating model could be achieved.    Following a discussion 

of this situation, an alternate scops was prepared and was subsequently effec- 

tuated as Contract DA 19»020"ORD"1792 wherein the objective was an engineering 

feasibility study of the problem to determine the practicability of the pre- 

viously cited objective     This contract was executed on 26 May 1952 and the 

=2- 
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several engineering studies outlined in the scope of the contract have pro

gressed to the point where certain definite conclusions and recommendations 

can be jtistifieda

The purpose of this report is to review the course lAich this investigation 

has followed and to siironarize our techni<»l findings,

Co BASIC ELEKEMTS OF AN IMPACT TESTING SYSTEM

For the analytical purposes of this investigation, the system for impact 

testing was broken down into the following elements

lo Input energy, - the type and magnitude of the initial energy in 

the system at the moment of initial contact of the striker t^on 

the test specimeno

2, The magnitude and disposition of residual s;i’atem energy. = fol« 

lowing riqjture of the test specimen,

3" Specimen mounting, - relation of the specimen and its mounting 

fixture to the striking membor.

Specimen positioning. - the means for moving the specimen into 

striking position,

5« Methods for measuring the energy of rupture.

These five elements, in conjunction with the retjuireraents of a high strik

ing veloci'^ and a relatively’' high accuracy In 'the measurement of rupture 

energy, establish the major paranieters of a coiqplete testing Jiwc/ianism, From 

a stuc^ of these vario’js factors lnd5.vidua3Jly and in combinatioa, specific 

oonelusicne can be reached, ■the effect of wJiich is to narrow ■fcl'-.e area of

i
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potential eolutions for a theoretical Systeme   These generalised conclusions 

may be stated as follows:-' 

I«   The Linear System should be discarded as impractical« 

2o    The Rotary System appoars theoretically feasibleo 

3c    Input energies at high striking velocities may exceed the 

required maximum energy of rupture by a ratio of   5p000 or 

more to 10 

l»c    An acceptable accuracy in the measurement of rupture energy can 

be obtained only by a direst measurement of this energy^ 

D.    DISCUSSION 

The basis for arriving c^ these conclusions is discussed briefly in the 

following paragraphs     A considerable amount of engineering tine was required \ 

for thie evaluation, the detail« of uhidj have previously been reported.   The 

purpose at this time is to review enly those elements of prlmaxy significancso 

lo^ Linear gystem: = 

The essential elements of a Linear System can be considered to consist of: 

a,   A striking member of sufficient mass to supply the required 

input energyo 

bo   A roeaas for guiding and accelerating this mass to the required 

terminal striking velocities     For examplep an air gun principle0 

Co   A means for supporting the test specimens and for disposing of 

the fractured pieces 

do   A receiver mechanism "or decelerating this mass following sped» 

men rupture. 

h 
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It has been determined, as a later section of this report will discuss in 

some detail, that the only practical means for obtaining sufficient accuracy 

in the energy of rupture is to measure this energy directly*    This requirement 

imposes rather severe limitations upon the design of the air gunj to wit,,, the 

accelerated mass must be limited rigorously to translatory motion only-,    This 

means that the crobs^section of the air gun must be rectangular in shape to 

preserve true linearity of motion-.   Although this Is not an inqpossible sondi 

tion, it becomes highly impractical from the standpoint of manufacture and 

malntainancec 

The following tabulation indicates certain physical properties of P sys- 

tem of this kind. 

TABLE I o PROPERTIES OP THE STRIKING MASS 

Slug Length* 
in Inches 

Slug WeighV 
in lbs,. 

Energy in ft»lbs 
® 11 t\M     1     ® 500 fps 

12 

8U 

7.7 

53.5 2ia.o 

i 
29,500 

208,000 

These lengths and weights are for a uniform cross- 
section of 3A" x 3" and are exclusive of the spec- 
imen striker. 

It becomes apparent that a major problem, bordering upon the Impractical, 

is involved In designing a satisfactory deceleration apparatus for absorbing 

the residual energy In the system after high ve3.oclty impact,.    It appears 

extremely unlikely that a satisfactory means can be devised for disposing of 

the fractured elements of both the laod and Charpy specimens without creating 

an interference with the dccaleration apparatus»   Furthermore, It dons not 

5= 
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appear possiblß to use thiB kind of system for testing thft impact tension 

speciraano    It is therefore our opinion that a Linear System does not pro 

vide a satisfactory solution for the contractual ifequirements af this in- 

vestigatlono 

2o    Rotary System •/ 

The essential elements of a Rotary System consist of: 

*),.,   A rotating disc suitably mounted and journalled and having sufficient 

rotative velocity and inarfcia to satisfy the energy and striking requirements 

of the test spacimenso 

b .   A holding fixture and positioning nechanism for locating the speed 

men in proper striking position with respect to a projecting lug attached 

to the disco    This lug mighii ba a fixedt external projection or might bs 

radially guided on ways to move beyond the periphery of the disc, into strik* 

Ing position,, 

Co   A power drive and hydraulic or friction brak5.ng means!; 

The dimensions  md properties of the rotating disc, for various p.ssuned 

values^ are Indicated in the following tabulation» 

TABLE II - PROPERTIES OF üffi EOTATING DISC 

Rotor DiaT^ 
in inches 

12 

32 

6o 

Weight 
in lbs 

2h 

171 

600 

@ 17 fps 
Speed in rprn    i  { 

325 

122 

65 

@ 5Ö0 fps 

9550 

3S80 

1910 

.Energy in ftglbo 
i 1? fps [    @ gOO fpg 

380 

1350 

Ii6,700 

330,000 

1,170,000 

Assuming a constant thickness of 3/ij" 
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In this Qjrstem as with the r>lnear ^atem It is to be noted that the ini

tial energy very greatly exceeds the rupture energy for maximun striking vel

ocities r But for the ^tazy System^ the dieslpation of the residual energy 

is easily aeconplished by one of several braking means which can be applied 

to the disc following speciinon rupture.

A Rotary System appears capable of being adapted to impact testing of 

the tension speslnsn as well as the leod and Charpy specimens- There is, 

however,a difficult design problem inliersnt in this system- This relates to 

the apparatus for positioning the specrlmeo within the periphery of the atrlk" 

er in the relatively short tine Interval available for the purpose. Design 

layouts have been studied of several schematic arrangementa of a suit

able medianlsm. Approximate analyses have been made of spring-mass analogs 

which Indicate that a spedmea movement of approximately 3/li" can be accom

plished in 12 milUsecoods, This time provides a slight safety margin for 

the preferred striking circle diameter of approxiTTiately 32 inches- It may, 

ho‘-evar, be necessary to increase this diameter soneidiat. The following 

tabulation indicates the relation of available tine to rotor diameter,

TABLE m - AVAIUBLE SPECIMEN POSITIONING HME

Rotor Dis. 
in ins-

Time, in Milliseconds, 
for 3300 of rotation

a 17 fPS e 5kx> fps

12 170 5-7

32 US3 15-Ji

60 m
——

28-6

r

L_._
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More extensive analysis and experimsntal oonflrmatlon of performance 

characteristics will need to be performed on one or more actual mechanisms 

during the development phase of this project,    However, we feel that the 

positioning problem can be satisfactorily accomplished for all three types 

of test specimen,, 

3»   Methods for Measuring the Energy of Rupture;- 

There are three methods by which the energy of rupture can be measured. 

These methods are Independent of the geometry of the dynamic system for rup= 

turlng the specimen«   However, the following oomnents are considered to apply 

specifically to the Rotary System»    These three methods are: 

1=.    Measurement of the energy In the dynamic system both before and after 

rupturing the specimenp whereby the difference between the two measurements 

becomes the energy of rupture« 

2c    Indirect measurement of rupture energy through the absorption   of 

this energy Into a pendulum or other device which supports the specimen dur- 

ing ruptureo 

3o    Direct measurnment of rupture energy through the measurement and 

integration of the rupturing force versus Its displacemento 

Note:   A definition of the energy of rupture was arrived 

at through a Joint conference between representatives of 

Watertown Arsenal and the Hesse^Eastern Corp0    The definition 

agreed upon was in substance as follows:    "The energy of rup- 

ture can be presumed to be the integral, of the instantaneous 

■^ 
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force applied to the specimen with respect So the corres- 

ponding displacement of the specimen»" 

The measurement of rupture energy by the "before^and-fifter" method is 

completely Impractical because of the large magnitude of energy In the sys- 

tem at high velodtleSj and the insignificant amount of this energy which ia 

abstracted from the system during test-    This energy is presumed to be meas 

ured by measuring the rotative velocity of the disc both before and af >r rup^ 
1 ? 2 ture of the test specimen3 from which AE = * I (W,    - W« )•    A probable error 

In these velocity neasuremonts of 1 part in 1000 is about the maximum precis- 

ion which can reasonably be cxpacted«,    If the resulting error In AE is lim- 

ited to   t <$, the strildng velocity cannot exeeed UO fps at AE = 200 ft-lbs? 

or 2'U fps; at AE « $0 ft-lbs«    At ^00 fps, this error becomes as high as 

± 333$o    l^is situation is graphically represented in figure lo 

The  second method utllises an indirect "measurement by energy transfer" 

ieshnio'iMo    This is a method whereby the ruptur« aneroy is transferred to 

some eupporting member free to move, su.-.h as a pendulum^    KFiovd.ng the char= 

acte;.'istlcs ci thy pendulum^ 4.ts resulting motion is determined and trans- 

lated into energy terms-    This is the means used in the Mann machinep and 

a thorough analysis of it has been made in the Swann IJeport-    The system is 

theoretloally practical on the assumption that the pendulum and associated 

elements attached thereto constitute a completely rigid syatera, and that 

the "rupture time" of the specimen exceeds the time required for the shock 

vave (generated by the striking force) to travel to the pendulum support. 

9- 
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Th« theoxy breaks down in practice because these premises are violated undar 

high»velocity impact.   The method must therefore be discarded as an energy 

measuring systemo 

The only remaining alternate becomes the devising of a system for meas- 

uring the rupture energy directly.   This would obviously be a preferred 

method, if a satisfactory technique could be developed since it is completely 

divorced from the physical characteristics of the energy input.   A conclusion 

to this effect was reached relatively early in the course of this investiga- 

tion, and a major part of the engineering time and effort whieh has been 

expended to date has been directed toward achieving a theoretical system for 

this direct energy measurement,,    To summarize this work. Engineering Report 

#1, entitled "A Method for Direct Measurement of the Energy of Rupture of 

Impact Specimens", was issued in November, 

Eo    THE ENERGY MEASURING SYSTEM 

The following comments are supplementary to the discussion of the basic 

theoxy outlined in Engineering Report #10    The present purpose is to explain 

in more detail the characteristics of the data signals representing "fores" 

and "distance"; and to indicate how they are electronically related and com« 

bined into a recorded indication of "Energy of Rupture" o 

The output of the interferometer is a series of pulse signals whose 

total number may lie between ICr and 10^0   These signals are generated each 

time the striker element carrying the moving mirror of the optical system 

rotates through the light beam of the interferometero   Thus, these signals 

are repeated for each revolution of tha rotating disco    The total number of 

pulses is constant^, but the time required to generate them will vary inverse^ 

ly with the rotor speedo   The range of this time interval is approximately 
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12? to 37$0 miciroseconds,  correspondirg to ^00 fps and 1? fp» psripheral 

speed respectivelyo 

For a constant rotativa spaed^ t.he time dttratioa of each individual 

pulse vdll be constanto    during deceleration, the sucessivs duration of 

each individual puls* will increasec    Theoretically these pals«» charac- 

teristics are a measure not only of the magnitude of the velocity, but 

of its varying natui/e as we\\,    Thia in a factor of considerable impor- 

tance in the final determination of rupture energy; but the pulse data as 

generated is not usable for this purpose without further modification 

Aa electronic circuit i« employed for converting the individual pulses 

of varying-time duration to pulses of constant time duration,.    The fre-quency 

and total namber of pulses remains unchanged, however.    This is accomplished 

by a "flip-flop" circuit such as is used in digital computers. 

The total nmber of pulses generated corresponds to a definite distance 

(or arc of travel) of the striker-mirror.    This distance exceeds the dis 

tance traveled by the striker during the rupture of the test specimenr 

Therefore, the signal gens rated by the striker (force dynamoraetor) has a 

total duration corresponding to but a small fraction of the total number oi 

pulses generated.    Since tha number of pulses are a function of the distance 

ti^aveled by the striker-mirror,, and SIKCT a force signal is being generated 

by the striker dynamometer only while it is in cor v,act with the test speci- 

men, the combined signals are proportional to energy, since S " force x dis- 

tance«    The characteristics of these signals^ however, are varying with 

respect to time.    Hence, an electronic circuit is required to relate  ■'■"ores" 

to li:di8tance:' in such a manner that the definite integral of one with re 

■U- 
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spect to the other can be obtained0 

This function Is performed by a "gate circuit" in which the distance 

measuring pulses act as a valve to permit the force signals to flow into the 

energy^recording meter (ballistic galvanometer) for constant time intervals 

corresponding to each individual pulse,,    Varying quantities of electrlcity5 

proportional to the magnitude of the 'force signal, flow into the ballistic 

galvanometer for these succeeding time intervals o    The cumulative charge 

stored in the galvanometer is thus proportional to the integrated forces 

distance measurements and the galvanometer can be calibrated to read direct- 

ly in terms of ft^lbs,, 

The several functions described above are schematically illustrated in , 

Figures #2 and #3o A block diagram of the complete Data System is shovm 

in Figure #   Uo 

Fo    AUXILIARY DATA ON SPECIMEN BEHAVIOR 

In the Foreword to this report, brief mention was made of impact charac« 

teristics xrtiich may have a bearing on the dynamic behavior of the test speci- 

raensa   The purpose of the following paragraphs is to discuss these theoreti- 

cal considerations more in detail as they relate to the proposed energy 

measuring system» 

If we can presume a satisfactory reduction to practice of this system 

for measuring the energy of rupture, the primary objective will have been 

attainedo   Thereby, some Justifiable reliance can be placed upon the result- 

ing relations of rupture energies to striking velocities.    It seems reason^ 

able to expect that the plotted results of these relationships may create 

=1 o. 
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a problem of interpretation if variations in trends are observed correspond- 

ing either to the "Mann effect" or to some other major deviaUon»    Some 

definite knowledge of the behavior of the spedroen and/or of the rupturing 

force as functions of time during the "rupture cycle" may provide valuable 

interpretative data«, 

Due to the type of the measuring signals generated and to the nature of 

their associated electronic networks, It becomes possible to obtain and re- 

cord tine-varying data   which may be amenable to analysis and which may 

yield Dynamic Information of considerable importance0    These date might be 

used to delineate the following characteristics: 

lo   The changing nature and magnitude of the striking force» 

2o   The vaiying amounts of the energy absorbed by the test 

specimen as a function of the specimen dlsplacementc 

3e   The nature and magnitude of the deceleration of the 

striking member during the rupture cycleo 

The belief is currently held that the test specimen is subjected to but 

a single Impact by the striker*   This may not necessarily be truee    Undor cer^ 

tain striking velocltles£ multiple impacts of varying magnitudes may occur 

and their frequency as wall as their relative magnitudes may vary not only 

with the striking velocity but also with the physical and metallurgical char^ 

acteristics of the test specimenso    It is possible that this situation occurs 

with the presently used test methods0    But there is no means currently in use 

for observing and recording this condition, if it does existc   For the proposed 

energy measuring system, the output from the force dynamometer can be soparate^ 

ly fed to a cathode-ray oscillograph which will record, as Force vso Time, the 

.13- 



e<L;4dW«i U>rp EuglnB«nng Report #2 # 13B 

magnltudea and Joritlons of impact contact« with the speolnen daring rupture 

HaTlng a graphical delineation of these conditions^ together with the record 

of the dlspla enent of ths striking force, the varying amounts of energy ab- 

sorbed by the Fpedmen can be obtained     This may supply significant informa- 

tion to account for specimen behavior and may help to interpret any variations 

in the tread of the plotted total rupture energyr 

Possibly of oontributary significance may be the deceleration of the 

strijcer during the rupture cycle« especially- at low velocitieso   An oscillo-- 

graphic record of the interferometer data, as Displacement vs. Time, may 

tield data of valus«,    By oombinlng on the X and Y axes of a cathode«ray os- 

cil'-oscopej, the riimultaneoue data from both the force dynamometer and the 

interferometer, a graphical record can be obtained of Force vs. Displacement, 

These several data aources are indicated on the block diagram previously men- 

tioned ( Figure #1)* 

Q,    CONCLDSIÜNS 

The results of this investigation can be briefly evBamarised as follows: 

lt,    A theoretical system has been devised for high velocity 

impact testing t consisting of a x'otatlve moans for sup- 

plying tho rsqolred anergy and velocity to the striker, 

a movable support for the test spocimen^ and a means for 

the direct measwöment of rupturo energy 

2o    The successful integration of these saveral elements into 

a full-scale working model should yield test apparatus 

capable of meeting the specified requliferaents of both a 

high striking velocity and a relatively high precision 

"Ik- 
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of energy me^surenieatc 

3.^    The feasibility of adiievlng this objective rests 

primarily upon the eoundnass of the theoretical 

means proposed for measuring the rupture energy, 

Uo    Existing principles of physics, optics and elec- 

tronics are utilized in this energy measuring 

system to provide sensing elements capable of 

producing instantaneous values of force and dls« 

tance with a high degree of precision» 

5o   An extensive program, of research and development 

will be required to perfect the elements of the 

over-all system and to integrate than into a 

full-scale working modelo 

6 A program to aeoomplish this objective is con- 

sidered feasible and potentially capable of a 

satisfactory solutionc 

H.    RECOMMENDATIONS FOR A PUN OF PROCEDURE 

It is undoubtedly recognized that a saccessful accomplishment of the 

required objective involves applied research of a high order, demanding 

the combined efforts of mathematicians<> physicists, engineers and electronic 

technicianso    Considerable etv-dy has been given te the nature of the prob- 

lems vhleh are involved and to methods   of attack upon them,.    Parallel in- 

vestigations of some elements are possible; but in many Instances, the di- 

rection of the research will be dictated by a sequential solving of Interim 

-15- 
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problemso    The general nature of these investigations can be bracketed 

into the following elements!- 

lc    Design and manufacture of bench layouts and breadboard 

models, of interim mschanical and electronic eleraentSo 

Tests and evaluation of perfonnai»je for static and dy- 

naraic behavior under various exciting influences,, 

2c   Theoretical analyses where required for the prediction 

and interpretation of physical and electsonic responses 

to Icnown input characteristics,, 

3c   Analysis and synthises of networks to compensate for 

non-linearities of regponser 

ha    Sub-contracting of special equipment and apparaty« 

such as the optical system of the interferoraatejCp 

mechanical and electronic components of the final 

apparatus.-. 

5a    Assembly of the complete apparatus, calibration, 

proof-tests» 

The conduct of these various types of investigations need» to be 

correlated with an overfall Plan of Procedure having spacifiR interim 

objectives,.   The first, of these objectives would be the development of 

the striker (fores dynamonietar), sin«;G this is the single, most important 

element in the entire system.,   Thia objective will be attained if bench 

model'   setup« prove the striker capable of accurately reproducing know:«'» 

Input» raider a ^Me range of fvequencies. 

•16* 
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The second objective would then be the testing and evaluation of the 

striker under standard test conditions c   This would necessitate the appli- 

cation of striker to a Charpy Machine and the measurement of the striker 

response against calibrated test, specimens,.   The rtpture energies would bs 

obtained from a computation of the force^tims traces,   and these would be 

compared with the indicated machine resultso    If a satisfactory agreement 

of energy values can be obtained, one of the major development tasks of 

this program will have been accompliehed. 

Simultaneously with the above work» design studies of a number of 

mechanical and electronic details can be carried on, together with a paper 

study of the interferometer system»   Howeverj, only a nominal amount of 

expermintal testing of the other elements of the system would be undertaken 

until a satisfactory performance of the striker is attained.. 

The next succeeding steps would be concerned with development of the 

interferometer systemo   First, as a bench model to study the optical and 

electronic performance under various control conditions.    Then a study of 

operating characteristics when applied to a rotating disco    The development 

of the machine elements, power-driva, specimen-holding fixtures, interlocks 

and controls could be carried on simultaneously wit., the interferometer 

development» 

The final stage of the program would be the testing, calibration and 

evaluation of the completely integrated ac^senfelyo   An extensive series of 

tests is contemplated for this final stage8 using the auxiliary data circuits 

for an evaluation of speciraen behavior against theoretical analyses,,    Initial 

t«st would require considerable quantities of duplicate specimen» for low=- 

•17- 
■■ i ■ 
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velocity testing in comparison :iith standard Charpy Machine tests of 

similar specimens^   A series of testa would be pei'i'onned at increasing 

velocities to determine tlie constancy of the machine characteristice 

as well as to provide data i'oy tliooretical analyse!? of en(srgy«»velocity 

cliaracteristicn „ 

/^CHjdeh 
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APPENDIX   A 

CQST-PL1IS°FIIED-FEE CONTRACT FOR RESEARCH AND DEVELOPMENT 

Contract Noo DA~19-020-0RD«1792 

Department of the Array - Ordnance Corpe 

Contract for: "Research on Impact Testing11 

Amount: $12,575oOO 

Date of contract: 26 May 1952 j 

ARTICLE I ■; Scope of Work 

a.o    The objective of this theoretical study Is to determine the feasibil- 
ity of developing, designing, and constructing apparatus for the impact test« > 
ing of ferrous and non-ferrous specimens and materials under various condi- 
tions of striking velocity, including high-velocity, at room temperature and 
at low temperature0 This study will include, but not necessarily be limited 
to, analysis and design considerations of the following items: 

i 

(1) Theoretical aspects of the design parameters pertinent to the 
system as a whole, such as 

(a) Striking velocities 

(b) Energy in piite 

(c) Rates of specimen loading 

(d) Ueoinetry of the striking surface 

(e) Geometry of the specimens under test 

(f) Inherent system errors 

(g) Space limitations 

(2) LinGar versus rotative systems for loading the specimens being 
testedo 

19= 
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(3)   Sfatnu of inatrunantatton for mamring data essantlal to an 
•valuation of the apoolaan perfonnaneeo 

(U)   Schematic dealgo studies of one or more complete systems of test 
apparatus, engineering layouts, circuit diagrams, and sub-assembly details, 
where needed to delineate the functioning of the various elements of the equip« 
■ent« 

{$)   Sunmaty report of findings and supporting data for recommendations 
and conclusions. 

»20- 
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APPEMDII   B 

SUMKABI OF STAFF PTOOKMH. 

dassification and Distribution of Total Hours 

Classification Total Hours X 
1, Engineering 1955 63 

2« Designing St Drafting 229 10 

3o Reporting & Clerical 168 7 

TOTAL 2352 

1. Engineering Staff:- 

Frank C0 Hutchison - Technical Director 
Edward S, Prohaska - Project Engineer 
John B„ Zornig - Engineer 
Andreas M, Koehler "Jr. Engineer 
Nathan M0 Pales - Jr. Engineer 
Henry F» Timmons -' Jr« Engineer 
Paul V» Choate « Jr, Engineer 
Richard W0 Stripp - Jr, Engineer 
Irving Prank - Jr. Engineer 

2, Designing & Drafting Staff:- 

John P, Young 
Morton Jo Thorbum 
Henry Ao Horton 
Peter R, Jesperaan 
Gerald D, Perry 
Robert P0 Parthum 
Bernard J, Norton 

-• Design Engineer 
- Technical Illustrator 
- Technical Illustrator 
- Layout Draftsman 
» Draftsman 
- Student Engineer 
- Student Engineer 

Phillip J0 Sacramone - Student tngineor 

3o    Reporting it Clerical Stafft» 

Doris E, Hopkins « Administrative Assto 
Gloria Sabean       - Report Clerk 
Barbara F, Hayes « Report Clerk 

-21« 
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APPIMDII   0 

■KsnnsRon PLAH or PHOCEPCRE FOR THE pgKLOPWff of 
A raOTOTTPE HIOH^VBLOCirr IMPACT TESTINO MACEDIB 

Tha following outline is a tentativt plan of attack for accomplishing 

the above objective,,   The research and development phases would, in general» 

follow sequentially as outlined. 

I.    DE7ELOPMENT OF STRIKER OTNAMOMETER 

Ac •» Paper Design of Striker with Strain Gage, 

lo    Modification of design to permit determination of 
frequency response, 

2«   Paper design of required electronic« (power supplies, 
excitation sources, amplifiers, etc). 

3»   Design of test equipment (Sine generator, measuring 
apparatus, etce)c 

B. > Manufacture and Development of A (1 to 3)* 

1, Experimental determination of response. 

2o Analysis and synthesis of networks to compensate for 
non linearities in response, 

3» Experimental check of compensated response., 

Co - Application of Striker to Standard Charpy Machine, 

lc Modification of standard machine for striker., 

2. Bread~board setup to measure striker response against 
standard specimens computing energy from force-time 
traces and comparing with standard machine results, 

3« Analysis of data. 

ho Striker modificationo 

-22= 
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D, - Design and manufacturing of pulse generator to sltmiXate photo« 
tube outputo 

So •> ^eelgn end conetructlon of pulse amplifier, flip-flop, gate, 
and ballistic galvanometer, 

Fo •» Recheck of dynamometer output on standard specimens when connected 
into interferometer circuit with pulse generator interrupting 
eireulto 

1.   Test, 

2a Modification of compensating network, if necessary, due to 
interact!ono 

Go Final check of force dynamometer at 17 fps on Charpy machine. 

II a DEVELOPMENT OF INTEBFEROMETER 

(Coincidentally with Wheel) 

A, » Paper Design of System (To be done in conjunction with wheel), 

1« Moving mirror designo 

2o Fixed mirror system, 

3o Light source and mounting« 

he    Phototuba mounting and electric cabling,, 

5o Housing for 1 to 3. 

B,, - Electronicc and Amplifiers, otc« Design (Refer to I-E)<, 

lr Pulse amplifier. 

20 Flip»flop oircuitv. 

3„ Oats circuit, 

hr, Enes^gy aocumula'/orn 

C0  Subconl. racto 

1« Design of moving mirroro 

go Design of mirror (fixed) system, light source and 
phototube assemblyo 

■■n- 
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3«   Manufacture and teste 

D« * Bench Test of Interferometer System, 

lo   Static light flashes to check eleotronlcso 

2. Sinusoidal oscillation of moving mirror. 

3. Rotation of moving mirror against micrometer screw, 

E« - Assembly to Wheel« 

lo Assembly and adjustment» 

2, Test 

IIIo DEVELOPMENT OF MACHINE BUMENTS 

A, - Mechanical Designo 

1, Wheel and mounting 

2., Drive system 

a» Variable speed drive system 

bo Speed contirol 

3» Speed measuring system» 

h-,   Adaptation of striker to wheel 

a» Charpy test 

bo leod test 

Co Tension teat 

5, Adaptation of interferometer system to machine 0 

60 Design of specimen holding fixture,, 

a. Charpy (attention to keeping notch cold on 
low-temperature speeinen«) 

bo Izod   ( "      ) 

c., Tension 
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B. - ExparianUl Oewlopnant

1. Holdlxtg flxturea.

2. Mirror (moirlng) and atrlker adaptation.

3> Tranandaslon of force data to electron!ea (cabling 
and alip ringa; preamplifier on wheel)

C. - Manufacturing and Procuronent of itena under (A),

IV. ELECTRICAL VgRIMS AND RLECTROinCS

A. «• Wiring layout.

1. Motor

2. Taohonatar

3. Data aya^

It. Electronic ohaaaes and racka 

Bo - Manufacturing 

Co - Aaaemblj-, cabling and teat

V. ASSE>-TBLY AND TEST 07 OC'MPLETE MACHINS

A. > Aaaembly.

B. - Routine chock? and speed testa; diecka of intarfercmeter
outputo

C. - Specimon Taating.

1. Coi&parison with Charpy.

2. Comparison of energy recorder with planiiaetered 
force-distanoo ourves.

3c a»eck on substitution of foree-.tioe data at 
higher apeeda.

D, - Machinfe acceptance>

-25- ^4'
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